Time is a finite resource divided between multiple fundamental domains of life, including family, employment, and recreation (1) (2) (3) (4) (5) . Among the employed population, the concept of time is closely tied to work. Time spent at work is remunerated in the form of income (5) , but commuting to the workplace remains a cost borne by workers. Given that working hours average 35-40 hours per week in Australia and many other Organisation for Economic Co-operation and Development (OECD) countries (6) , the tradeoff between the time required for work and commuting versus the other domains of human life holds the potential to be a source of stress for the employed population (4, 5, 7) .
Various aspects of working time have been studied in relation to health, including long working hours (2, 6) , shift work (8) , and underemployment (in terms of not receiving the desired hours of work) (9, 10) . Time spent commuting to and from work is another potential work-related risk factor for mental health. Thus far, evidence is mixed about whether time spent commuting is related to a worsening of mental health (11, 12) , which might be explained in a number of ways. For example, most research in this area has relied on cross-sectional designs (13) , which hinder the ability to draw causal inferences about the influence of commuting on mental health. Research in the area has also tended to be focused on mode of commute rather than overall time spent commuting (11) . While mode of commute may have an independent influence on mental health, we would argue that the overall amount of time a person spends commuting will also have an influence, given the research above on other types of workingtime stressors and mental health.
As it stands, there has been a lack of research on time spent commuting to work and mental health in Australia. This is notable considering that Australians spent an average of 5 hours per week commuting in 2009, and this time increased by over an hour between 2002 and 2009 (14) . Commuting times in Australia appears to be slightly longer than in Europe and the United States (15, 16) . The vast majority of Australians commute to work by car (78%), followed by a smaller proportion of people using public transport and active forms of transport (17) .
Drawing on the research above, this study sought to answer 3 key questions: 1) Does the amount of time a person spends commuting to work have an independent influence on mental health? 2) Is the relationship between commuting to work and mental health different for women and men? 3) Is the relationship between commuting to work and mental health modified by the psychosocial characteristics of a job? For example, does a person with poor psychosocial working conditions experience greater declines in their mental health when faced with longer commute times?
METHODS

Data source
The Household, Income and Labour Dynamics in Australia Survey is a longitudinal, nationally representative study of Australian households that was established in 2001. It collects detailed information annually from over 13,000 individuals in over 7,000 households (18) . The response rate to wave 1 was 66% (18) . The survey covers a range of dimensions including social, demographic, health, and economic conditions using a combination of face-to-face interviews with trained interviewers and a self-completion questionnaire. Although data are collected on each member of participating households, interviews are conducted only with those older than 15 years of age.
The initial wave of the survey began with a large national probability sample of Australian households occupying private dwellings (18) . Interviews were sought in later waves with all persons in sample households who turned 15 years of age. Additional persons have been added to the sample as a result of changes in household composition. For example, if a household member left his or her original household (e.g., children left home or a couple separated), he or she formed an additional household. Inclusion of these new households is the main way in which the survey maintains sample representativeness. A top-up sample of 2,000 people was added to the cohort in 2011 to allow better representation of the Australian population using the same methodology as the original sample (i.e., a 3-stage area-based design) (19) . The response rates for the survey are above 90% for respondents who have continued in the survey (e.g., the percentage of respondents in the previous wave in-scope for the current wave who were interviewed) and above 70% for new respondents being invited into the study (18) . The main variables examined in this study were available in all annual waves (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) .
Outcome variable
Mental health was assessed using the 5-item Mental Health Inventory (MHI-5), a subscale from the Short Form-36 (SF-36) general health measure. The MHI-5 assesses symptoms of depression and anxiety (nervousness, depressed affect) and positive aspects of mental health (feeling calm, happy) in the past 4 weeks. The Cronbach's alpha for these items was 0.82. The MHI-5 has reasonable validity and is an effective screening instrument for mood disorders or severe depressive symptomatology in the general population (20) (21) (22) , and it has been validated as a measure for depression using clinical interviews as the gold standard (20, 23, 24) . The current analyses use the continuous MHI-5 score (scale 1 to 100), with higher scores representing better mental health. A difference of 3 points on the norm-based scale (T-score) has been suggested to reflect a minimally clinically important difference (25) , and a difference of 4 or more on the unstandardized scale has been characterized as indicating a moderate clinically significant influence (26) .
Exposure variable
The continuous variable "hours per week traveling to and from a place of paid employment" was used as the primary exposure variable to represent commute time for all employed persons (whether employed part time or full time). We excluded those people who did not spend any time commuting in a week. The mean amount of time per week spent commuting was 4.79 (standard deviation, 3.95) hours, and the median was 4 hours. The variable was categorized into a 4-level variable based on the 25th, 50th, and 75th percentiles. The 4 categories of this variable were: ≤2.00 hours, 2.01-4.00 hours, 4.01-6.00 hours, and 6.01-20.00 hours per week.
Effect modifiers
Sex, presence of children the household, job control, job demands, job security, and long working hours were considered to be potential effect modifiers. Presence of children in the household was indicated by respondents reporting living with dependents, students, and children under 15 years of age. Job control was created by summing the 3 variables: "I have a lot of freedom to decide how I do my own work," "I have a lot of say about what happens on my job," and "I have a lot of freedom to decide when I do my work." All 3 variables were scored from 1 (strongly disagree) to 7 (strongly agree). The scale reliability coefficient (Cronbach's alpha) for these 3 variables was 0.82. We created a dichotomous variable where scores at the median (13) or below were considered as low control (scored as 1); scores above this were considered high job control (scored as 0). Job demands were measured by the variable "My job is complex and difficult," where 1 represented "strongly disagree" and 7 represented "strongly agree." This was turned into a binary measure based on the median score, where 4 or below was considered low demands (scored as 0) and above 4 represented high demands (scored as 1). Job security was created by summing 3 scales: "I worry about the future of my job" (reverse coded, so that 1 represented a low level of worry, and 7 was associated with a high level of worry), "I have a secure future in my job," and "The company I work for will still be in business 5 years from now," scored from 1 (strongly disagree) to 7 (strongly agree). The Cronbach's alpha for these 3 scales was 0.65. As with the other job stressors, this was converted into a binary measure where scores at the median (16) or below were considered low security, and scores of 17 or above represented high security. Long working hours was considered working 40 hours or longer in a week.
Confounders
Plausible prior common causes of both mental health status and commute time were determined based on previous research regarding working time stressors and mental health (2, 6). These included: age (coded continuously), employment arrangement (permanent, casual or labor hire, fixed-term contract, or selfemployed), occupational skill level (low (sales, machinery workers, and laborers), medium (technical and trade workers, community and personal service workers, and clerical and administrative workers), and high (managers and professionals), according to the Australian and New Zealand Standard Classification of Occupations occupational groupings) (27) , education (less than year 12 (high school), year 12, diploma or certificate, bachelor degree), and weekly household income (equivalized). As a sensitivity analysis, we also included the life event "change in job" as a potential confounder, acknowledging that this may also be a mediator (e.g., long commute time may lead to change in job and then affect mental health), and year.
Analytical approach
Initially, we conducted descriptive analysis to assess mean MHI-5 score according to commute time across our effect modifiers (sex, job control, job demands, job security). We then used a fixed-effects approach to study the relationship between commuting and mental health. These models use within-person analyses, where each individual acts as their own control (28) . In the case of our study, fixed-effects regression models compare the deviation from the person's average MHI-5 score over the period of observation-when they are commuting 2.00 hours or less compared with 2.01-4.00 hours, 4.01-6.00 hours, and 6.01-20.00 hours. Fixed-effects models remove person-stable biases, and therefore provide a more robust test of the influence of commuting time on mental health. For example, mental health may be affected by withinperson factors such as personality. However, fixed-effects models are restrictive in terms of the sample, because anyone whose commuting time does not vary over their contributed waves of observation is dropped from the analysis. The reason for this is that these variables are "fixed" in that they do not change within persons. Related to this, fixed-effects models do not provide estimates for fixed effects, such as sex, or other factors that do not change over time.
We separately tested effect modification by sex, presence of children, job control, job demands, job security, and long working hours. In each case, we compared the main effects models to a model with the main effects and the interaction term included. We assessed the significance of the interaction both by looking at the terms for interaction and through a likelihood-ratio test comparison of the models with versus without the interaction.
As a sensitivity test, we conducted the analysis described above among full-time employees only. Because results did not differ, we kept both full-time and part-time workers in the sample. We included a second sensitivity analysis including change in job (as a potential confounder) and year, as explained above. Third, we conducted the same analysis described above using a random-effects model, which also includes a betweenpersons comparison.
The researchers obtained approval for this research from the appropriate ethics committee and conformed to the principles embodied in the Declaration of Helsinki.
Analytical sample
The process through which we arrived at the analytical sample can be seen in Figure 1 . Those eligible for the study had to be employed in a workplace outside the home. Within this constraint, we further lost about 7% of the sample because they did not have information on MHI-5. All these people had information on sex. From the 19,488 people with information on MHI, 19,239 people had information on commute time (nonmissing). Among this group, 17,544 people reported that they did commute to work. There was a further small loss of people who did not have data on relevant covariates ( Figure 1 ).
The data used in this paper was extracted using the add-on package PanelWhiz (http://www.PanelWhiz.eu/) for Stata (StataCorp LP, College Station, Texas).
RESULTS
The characteristics of those people included in the sample at the first and last contributed waves as shown in Table 1 . The inclusion of first and last waves demonstrates the extent to which there was change in time-varying confounders over time. The sample got older, became more educated, and were employed in higher-skilled jobs. Close to 40% of the sample commuted 2 hours or less per week, and about 23% commuted over 6 hours. Table 2 shows the mean levels of MHI-5 score according to commute time, stratified by sex, job control, job demands, and job security. Overall, there was a slight lowering in mental health score in relation to longer commute times. Women and those with lower job control had MHI-5 scores 2 to 3 points lower than those of men and those with higher job control, respectively. Those with higher job demands had only slightly lower MHI scores than those with lower job demands. Those with lower job control experienced the lowest mental health scores as commute time increased. Those with low job security had lower MHI-5 scores than those with high job security. There were no clear differences between those who worked over 40 hours in a week and those who did not. Similarly, the presence of children did not markedly affect mean MHI-5 scores. Table 3 shows the main effect model of commute time and the MHI-5, both without and with adjustment for confounders. After adjustment, the estimates of the MHI-5 scores are similar to before adjustment for the commute-time categories of 2.01-4.00 hours and 4.01-6.00 hours, while the influence of 6.01-20.00 hours strengthened. Compared with when a person commuted for ≤2.00 hours per week, there was a small decline (coefficient = −0.33, 95% CI: −0.62, −0.04; P = 0.025) in mental health when they commuted for over 6 hours per week.
We then assessed whether the relationship between commuting and mental health was modified by sex, presence of children, job control, job demands, job security, or long working hours. There was no evidence that the relationship differed for men and women (likelihood-ratio test: χ 2 = 1.61 (3 df); P = 0.66), or presence of children in the household (χ 2 = 1.02 (3 df); P = 0.80). Nor was there evidence of effect modification by job demands (χ 2 = 2.03 (3 df); P = 0.56), job security (χ 2 = 4.50 (3 df); P = 0.21), or by long working hours (χ 2 = 4.50 (3 df); P = 0.21). Our results did suggest that job control was a significant effect modifier (χ 2 = 13.74 (3 df); P = 0.008). Compared with those with high job control, people working in jobs with low job control experienced significantly greater declines in mental health when commuting 4 to 6 hours (coefficient = −0.43, 95% CI: −0.85, −0.01; P = 0.043) and when commuting over 6 hours (coefficient = −0.56, 95% CI: −1.00, −0.11; P = 0.014) ( Table 4) . Our sensitivity analysis for change in job and year found that this did not affect the relationship between commute time and mental health status (results not reported). Results were similar for full-time and part-time workers (results not reported). Results from the random-effects model supported the conclusions from the fixed-effects model (Appendix Table 1 ).
DISCUSSION
Our present findings suggest that commuting over 6 hours per week was associated with a small decrease in mental health. We also found evidence that people working in jobs with low levels of control experienced considerably greater declines in mental health scores when they spent a longer amount of time commuting compared with those with a high level of control. We found no evidence that the relationship between commuting and mental health scores differed between men and women, by whether there were children in the household, or by other psychosocial job stressors. The coefficient sizes we report for commute times are similar to those found in other recent studies (11, 29) and add weight to the argument that long commute times to work may be a risk factor for poor mental health. There are several plausible pathways through which time spent commuting to work may affect mental health (30) . First of all, it may be that additional time getting to and from work reduces the amount of time a person has for other daily activities (e.g., personal care, sleep, exercise, family time), thus cutting into the time available to recover from the demands of a job. A similar explanation has been given for the relationship between long working hours and mental health (31, 32) . A second possibility is that the experience of commuting is stressful in and of itself, particularly on top of the demands of paid employment (30) . Unlike other time-related stressors (e.g., long work hours) time spent commuting may also be considered to be "wasted," because individuals are not able to use the hours spent commuting either in paid work (for which they are financially rewarded), with family, or in other activities that could be beneficial to mental health. This wasted commute time may be a source of considerable frustration to the employed population, particularly when considering that the act of commuting in itself may be stressful (30) .
Of the potential effect modifiers tested, only degree of job control was significant. Specifically, we found that the combination and low job control and long commute times was associated with significantly greater declines in mental health scores compared with having high job control and short commute time. We argue that the lack of ability to exercise control over work activities goes hand in hand with longer commute times, because these people are less likely to be able to pick what time they travel and may have less ability to negotiate working from home. Our results suggest a stepwise decline in relation to longer commute times, with the worst influence on mental health scores being in relation to 6 or more hours commuting per week. Unlike Martin et al. (11) and Roberts et al. (29), we found no relationship between sex, commute time, and mental health. Potentially the relationship between commute time and sex is unique to the United Kingdom or the British Household Panel Survey, upon which both these studies were based.
The main limitation of our study is that we did not have data on different modes of commuting, which has been shown to be important to health (33, 34) . In saying this, the majority of work commutes in Australia are by car (close to 80%) (17) . Thus, we can assume that the results broadly reflect car travel. It would have also been useful to have data on commuting time for each day, rather than just an average across the whole week. Other limitations include the fact that our measure of job demands represented only 1 item, when ideally this would be measured by several items assessing workload and pressure. Further, both the outcome and exposure measures were self-reported, and hence there is the possibility of dependent misclassification. However, the MHI-5 has been shown to have good sensitivity and specificity when measured against gold-standard clinical measures (20, 23, 24, 35) . Last, fixedeffects models do not measure the influence of exposures that do not vary-for example, a person who has consistently long commute times. The consequence of this is that fixed-effects approaches suffer from a loss of statistical power. These models are also used for describing within-person changes rather than between-persons comparisons. However, we also assessed the relationship between commuting time and mental health in a random-effects model, which included between-persons influences. The results of this analysis were similar to those in the fixed-effects models.
The strengths of this paper are that we were able to use 13 waves of annually collected cohort data, thus allowing the use of a methodologically robust fixed-effects approach to assess the relationship between commute time and mental health. To our knowledge, this study is the first to use such an approach to assess time spent commuting and mental health scores in a national sample of Australians. Future research could improve on our results by using longitudinal data with information on daily commute times and examining the role of the mode of commute. Other investigators could also examine interactions between working-time stressors and health more broadly, because these stressors may contribute to health behaviors and physical health as well as to mental health. Aside from these points, we would also argue that the present study is important from a prevention perspective because long commuting times may be modifiable from an organizational level through policies that allow workers greater flexibility over where and how they work, as well as the time of day they travel. Strategies to address commuting and other working-time stressors should be combined with other primary prevention efforts to protect and promote workplace mental health (36). Abbreviations: MHI-5, 5-item Mental Health Inventory; CI, confidence intervals. a The outcome was the MHI-5 score. The models evaluated data from 16,805 persons and 77,499 observations; on average, participants contributed to 4.6 waves of data collection. Fixed characteristics such as sex, ethnicity, and country of birth were dropped from the model because these did not change over time.
b Upper and lower confidence intervals at 95% significance. c Mean of outcomes when all exposures = 0.
